An interface modication of (LaCa)MnO3 − BaTiO3 superlattices was found to massively inuence magnetic and magnetotransport properties. Moreover it determines the crystal structure of the manganite layers, changing it from orthorhombic (Pnma) for the conventional superlattice (cSL), to rhombohedral (R3c) for the modied one (mSL). While the cSL shows extremely nonlinear ac transport, the mSL is an electrically homogeneous material. The observations go beyond an oversimplied picture of dead interface layers and evidence the importance of electronic correlations at perovskite interfaces.
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Interfaces of complex oxides have gained much attention since the discovery of a high-mobility quasi two dimensional electron gas at the TiO 2 /LaO-interface between insulating LaAlO 3 (LAO) and SrTiO 3 (STO) [1, 2] .
This unexpected nding disclosed a new role of interfaces in oxide heterostructures. Thereby the reconstruction of the interface is discussed to avoid an electrostatic potential, otherwise building up in the lanthanum perovskite.
For this reconstruction either electrons redistribute or ions rearrange through relaxation or deviation from stoichiometry. The charge transfer can eectively dope the materials in a rather thin region in the vicinity of the interface [3, 4] , and the resulting change in carrier concentration due to the presence of an interface can be termed interface doping. For strongly correlated electron systems it is well known that the carrier concentration massively inuences the properties of the material. A prominent example is the class of perovskite manganites, which are interesting not only because of high spin polarization in the ferromagnetic phase [5, 6] , but also due to the fascinating rich magnetic phase diagram that opens up upon doping [7] . The ground state of La 1−x Ca x MnO 3 (LCMO) changes from ferromagnetic (FM) metallic for 0.2 ≤ x ≤ 0.4 to antiferromagnetic (AFM) insulating for x ≥ 0.5, whereas the phase boundary is not a sharp line, but rather a broad region around x = 0.45 where FM and AFM phases coexist [8] . The FM state is stabilized by gaining kinetic energy due to the delocalization of charge carriers at the expense of antiferromagnetic exchange of localized spins. Localization is stabilized by the Jahn-Teller (JT) eect, that lifts the e g -orbital degeneracy of Mn 3+ ions [9] , giving rise to JT-polarons, that are discussed to be the main type of charge carrier at all temperatures [10] . Binding of these JT-polarons into pairs of correlated polarons (CP) or bipolarons is now argued to bring about the strong localization at the metal insulator (MI) transition [11] . Even for optimal doping (0.2 ≤ x ≤ 0.4) correlated JT polarons have been observed by neutron and x-ray scattering [12, 13] , with the wave vector of these short range JT-distorted regions being q = [ MnO 3 (LSMO) below a critical lm thickness [14, 15] , and the poor performance of LSMO-STO-LSMO tunnel junctions at elevated temperatures [16, 17] Measurements of the ac electric transport were performed by means of four probe method, with silver paste contacts at the edges of the SLs. The ac-current amplitude was I ac = 10 µA and the frequency f ac = 17 Hz.
Besides the linear electric response with resistance R ω at the fundamental frequency f ac , we report the third harmonic response at f 3ω = 3f ac in terms of the coecient
, which is a measure of the electrical nonlinearity in the lm [21] . Fig.3(a) shows the temperature dependence of R ω , measured after eld cooling (fc) and Fig.3(b) , the cSL shows a strong increase of K 3ω by decreasing temperature, both for fc-and zfc-condition. Two features in K 3ω (T ) are distinguishable: at T = 100 K and T = 255 K there exist kinks. Below T = 100 K the non linearity is very large, K 3ω ≈ −20 dB, and nearly constant. For the mSL a very small nonlinear signal (K 3ω < −80 dB) was measured in the whole temperature range, both for fc-and zfc-condition.
In the case of manganite-titanate interfaces, the concept of interface doping leads to an overall increase of the Mn-valence, which would be equal to an increase of doping to x = x nominal + x interf ace . Recent theoretical and experimental studies show that the length scale on which charge transfer takes place is rather small, l ct ≈ 1 nm [28, 29] , and therefore x is increased only in the vicinity of the interfaces. By adding LMO-layers we decrease x nominal in this region. The overall doping level at the interfaces of the mSL is smaller compared to that at the cSL interfaces. In this sense, the interface regions bring about dierent electronic constraints to the LCMO-layers in the SLs. Because of the strong electronic correlations these electronic constraints have tremendous impact on the structural properties of the LCMO-layers.
First of all the enhanced saturation magnetization M s and reduced coercivity H c in mSL, see Fig.2(a), directly show that the interface modication strongly reduces the tendency towards AFM correlation. The dierence in M s after fc/zfc and the extreme dierence between T C and T M I for the cSL underlines a pronounced magnetic inhomogeneity of the cSL. Due to the modication magnetic inhomogeneity is reduced in the mSL, which can also be seen in a somewhat steeper magnetic transition (see Fig.2(b) ). The dierence of the magnetic homogeneity is also reected by the electric transport behavior of the SLs. The fc/zfc-dierence, observed only for the cSL (see Fig.3(a) ), can be attributed to an inhomogeneous electronic (phase separated) state, which is known from The extremely large nonlinear signal, K 3ω > −20 dB, at low temperatures on the other hand is in contrast to the results for single LCMO-lms [21] . This can be attributed to the high density of interfaces of the cSL compared to a single LCMO-lm. The interfaces act like nucleation centers, at which the CP can accumulate and therefore the amount of CP is enhanced in cSL. If one assumes the CP to be the building blocks of the CE phase, it is clear that the interface region is unstable against the antiferromagnetic CE-correlations [19] . For the mSL the number of CP is reduced, so that K 3ω is very small.
Furthermore the Pnma-symmetry, in contrast to the homogeneous R3c-symmetry, allows for local elastic defor-mation. Phase separation into FM and CE-AFM, like it has been discussed for LCMO with 0.4 ≤ x ≤ 0.5 [8] , can lead to the inhomogeneous magnetic and electric state of the cSL.
In summary we have shown that engineering of the doping prole in LCMO-BTO superlattices has massive inuences on the magnetotransport properties and structure of the manganite layers. Only two monolayers of LMO at each interface lead to an enhancement of the saturation magnetization. We discussed, that in conventional LCMO/BTO superlattices the ground state of the interfacial LCMO layers is likely CE-AFM, supporting theoretical calculations [19] . This phase is responsible for exceptional nonlinear (3ω) transport as well as for zfc-fc splitting of the linear resistance discussed within correlated polaron model and phase separation scenario.
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